REMARKS 



The present amendment makes editorial changes and corrects typographical 
errors in the specification, which includes the Abstract, in order to conform the 
specification to the requirements of United States Patent Practice. No new matter is 
added thereby. Attached hereto is a Substitute Specification including a marked-up 
version of the changes made thereto via by the present amendment. 

In addition, the present amendment cancels original claims 1-6 in favor of 
new claims 7-12. Claims 7-12 have been presented solely because the revisions by 
red-lining and underlining which would have been necessary in claims 1-6 in order 
to present those claims in accordance with preferred United States Patent Practice 
would have been too extensive, and thus would have been too burdensome. The 
present amendment is intended for clarification purposes only and not for 
substantial reasons related to patentability pursuant to 35 U.S.C. §§101, 102, 103 or 
112. Indeed, the cancellation of claims 1-6 does not constitute an intent on the part 
of the Applicants to surrender any of the subject matter of claims 1-6. 

Early consideration on the merits is respectfully requested. 
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Marked-Up Version of Substitute Specification 

D e scription 

Communication terminal with configur e d bandwidth e xpansion, and a m e thod for 
bandwidth e xpansion for this purpos e 

SPECIFICATION 
TITLE OF THE INVENTION 
COMMUNICATION TERMINAL WITH CONFIGURED BANDWIDTH 
EXPANSION. AND A METHOD FOR BANDWIDTH EXPANSION FOR THIS 

PURPOSE 
FIELD OF TECHNOLOGY 
The inv e ntion present disclosure r elates to a communication terminal with a 
bandwidth expansion device for expansion of a bandwidth of a narrowband speech 
signal at its low-frequency and/or high-frequency end by synthesis of at least one 
frequency band on the basis of the narrowband speech signal. 

BACKGROUND 

For mobile telephones that are currently on the market, as examples of 
communication terminals, the relevant GSM Standard specifies that a standard net 
bit rate be used for the speech coder which carries out the function of coding of 
speech signals to form reduced-data narrowband speech signals, which are 
transmitted via a transmission output stage of the communication terminal. The 
GSM-specific net bit rate is 12.2 kbit/s, and relates , for e xampl e , generally to the 
widely used EFR Codec. Further developments of the EFR Codec have the aim, 
however, of making it possible to process different net bit rates for the speech 
coder. In this context, the NBAMR Codec ("Narrowband Adaptive Multirate") 
should b e m e ntioned, is commonly used which, overall, allows eight different net 
bit rates for operation of the speech coder, sp e cifically th e n e t bit rat e s £ 4.75; 5.15; 
5.9; 6.7; 7.4; 7.95; 10.2 and 12.2 kbit/s). In this case, the expectation from the lower 
net bit rates is that they will actually have advantages for comparatively poor radio 
transmission paths, since the transmitted signals can be provided with greater 
redundancy. 
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The measure of providing a communication terminal with a bandwidth 
expansion device which evaluates a narrowband speech signal (which has been 
received by the communication terminal) and synthesizes at least one further 
frequency band on the basis of the evaluation by means of a suitable algorithm is 
likewise known from the prior art. Normally, the currently used narrowband speech 
signal is in the frequency band between 300 Hz and 3.4 kHz. Additional frequency 
bands can be produced by synthesis both at the low-frequency end and at the high- 
frequency end of this frequency band, thus resulting in bandwidth expansion. 
Communication terminals such as this with bandwidth expansion have, however, so 
far been proposed only in conjunction with speech coders which operate at a single 
net bit rate. 

BRIEF SUMMARY 

Against this background, the inv e ntion is bas e d on th e obj e ct of providing 
present disclosure provides a communication terminal in which qualitatively 
satisfactory bandwidth expansion can be carried out even when using two or more 
net bit rates for the narrowband speech signal under an exemplary embodiment . A 
further aim is to sp e cify embodiment discloses a method for expansion of a 
bandwidth of a narrowband speech signal for a communication terminal, which can 
be used with communication terminals which operate with two or more net bit rates 
for the narrowband speech signal. 

With r e gard to th e communication tormina!, the object is achieved by a The 
communication terminal is preferably eq ui pped w ith a bandwidth expansion device 
for expansion of a bandwidth of a narrowband speech signal at its low-frequency 
and/or high-frequency end by synthesis of at least one frequency band on the basis 
of the narrowband speech signaU-4h e. The bandwidth expansion device being is 
also connected to a memory in which a reference table is stored, which in each case 
contains at least one parameter value for the bandwidth expansion for at least two 
net bit rates of the narrowband speech signal. 

A memory which that contains values that are suitable for the respectively 
used net bit rates for parameters which govern the quality of the bandwidth 
expansion is thus provided for the novel communication terminal. This method is 
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bas e d on th o discov e ry by th e inventors that The optimum configuration for the 
bandwidth expansion may be dependent on which net bit rate is currently being 
used by a speech coder on which the received narrowband speech signal is based. 
The memory is provided for this reason and contains, for example, empirically 
determined values for the parameters, in which case auditory tests can in each case 
be carried out for the respective net bit rates. 

In one pref e rr e d Under one embodiment, the reference table which that is 
stored in the memory takes account, as parameters for bandwidth expansion, of the 
energy in a synthesized frequency band and of a spectral structure of the 
synthesized frequency band. This means that the reference table is used to store, for 
a respective net bit rate, values which make it possible to deduce the energy in a 
synthesized frequency band, while a second parameter value defines the spectral 
structure of the synthesized frequency band. 

By way of As an example, the energy in a synthesized frequency band may 
be rather low when the net bit rate is comparatively low, since, in this case, the 
probability of artefacts occurring in the narrowband speech signal is rather high. 
Fundamentally, artefacts in the narrowband speech signal lead to errors in the 
synthesized frequency band, since the synthesis is based on evaluation of the 
narrowband speech signal. It may therefore be advantageous to keep the total 
energy in the synthesized frequency band low when the bit rate is low. 

The probability of occurrence of artefacts can also be taken into account in 
terms of the spectral structure of the synthesized frequency band. Provided that 
these artefacts are localized sufficiently well within one frequency band of the 
narrowband speech signal, a low intensity can be provided in the synthesized 
frequency band for those frequencies which are based on frequency components in 
the narrowband speech signal that are subject to artefacts. 

With regard to thea method disclosed herein , th e obj e ct m e ntioned above is 
achi e v e d by a m e thod for performs expansion of the bandwidth of a narrowband 
speech signal for a communication terminal, having the following steps under an 
alternate embodiment: 
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a) d e t e ction o f detecting a net bit rate of the narrowband speech signal of the 
communication terminal, 

b) acc e ss to accepting a memory which contains a reference table which 
contains associations between at least two net bit rates and parameter values for 
bandwidth expansion, in order to determine the at least one parameter value which 
is suitable for the detected net bit rate. 

c) expansion of th e expanding bandwidth by means of a bandwidth expansion 
device on the basis of the parameters determined for a current bit rate in step b). 

This exemplary method takes account of the fact that, for example, over the 
course of a communication link, it is also possible for a change to occur from a first 
net bit rate to a second net bit rate for a speech coder which is producing the 
narrowband speech signal. For this reason, the current net bit rate of the speech 
coder is detected in the step a), so that the appropriate values for the parameters for 
bandwidth expansion can be found on the basis of this net bit rate in step b). The 
bandwidth expansion can then be carried out as well as possible in step c) on the 
basis of the results from step b). 

Preferred embodiments of th e m e thod are sp e cified in claims 4 to 6, whose 
subj e ct matt e rs have already b ee n e xplain e d above with r e f e r e nc e to th e description 
of th e communication terminal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The various objects, advantages and novel features of the present disclosure 
will be more readily apprehended from the following Detailed Description when 
read in conjunction with the enclosed drawings, in which 

Th e invention will b e e xplain e d in mor e detail in the following text using, 
hy way of exampl e , th e single drawing figure, which shows Figure 1 illustrates a 
schematic block diagram of a communication terminal. 

DETAILED DESCRIPTION 

As can be seen from the figur e Figure 1, speech signals in a mobile 
communication terminal pass on a transmission side from a microphone 1 to a 
speech coder 2 which is used for compression of the data transmission rate. The 
speech coder 2 operates on the basis of the-aJ'Linear Predictive Coding" (LPC) 
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method, which simulates the process of creating a speech signal at the human 
speech rate. The speech coder 2 operates at various net bit rates, to be precise at 
that net bit rate which is defined on the network side for the transmitting 
communication terminal, and at the same time for a receiving mobile 
communication terminal. This definition covers both radio paths from the 
transmitting mobile communication terminal via the network structures that are 
involved to the receiving mobile communication terminal with which a 
communication link is to be set up. The net bit rate may, for example, change in the 
event of a deterioration occurring over the course of the communication link, such 
that it is reduced to a lower value. 

On the network side, a processor 3 in the mobile communication terminal 
according to th e invention receives information on the net bit rate that is currently 
to be used for the link between the two mobile communication terminals. 
Depending on this information, the processor 3 accesses a memory 4 in which a 
reference table is stored, which contains all the possible net bit rates for the speech 
coder 2 and in each case includes associated values for at least the major 
parameters for bandwidth expansion, which is carried out by means of a bandwidth 
expansion device 5. 

In practice, there are further functional components connected between the 
speech coder 2 at the transmission end and the bandwidth expansion device 5 at the 
receiving end which, inter alia, also carry out the radio transmission of the coded 
speech signals, although this is not illustrated in the figure^ for clarity reasons. 

The major main parameters for bandwidth expansion are, for example, the 
total energy in an additional frequency band which is synthesized by means of a 
bandwidth expansion device 5 and is, for example, at the high-frequency end of the 
narrowband speech signal, which must be passed back to the speech coder 2. A 
further important parameter is the spectral distribution of the intensities in the 
synthesized frequency band. 

Both the main parameters which have been mentioned for bandwidth 
expansion take account of the fact that artefacts may in fact occur at low bit rates in 
the narrowband speech signal and affect the synthesized frequency band, as well, in 
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the course of the bandwidth expansion process. In general, it can be assumed that 
the probability of artefacts in the narrowband speech signal is rather high at a low 
bit rate. Against this background, when the bit rates are low, not only is the total 
energy in the synthesized frequency band low, but the synthesized frequency band 
is also spectrally weighted such that frequency intervals are weighted as being low 
for which there is a high probability of the presence of artefacts in the associated 
frequency interval in the narrowband frequency band of the speech signal. 

An output signal from the bandwidth expansion device 5 which comprises 
both the narrowband speech signal and a synthesized frequency band resulting from 
the bandwidth expansion is passed to a loudspeaker 6, via which speech signals are 
emitted. 

The above described description and drawings are only to be considered 
illustrative of exemplary embodiments, which achieve the features and advantages 
of the invention. Modifications and substitutions to specific process conditions and 
structures can be made without departing from the spirit and scope of the invention. 
Accordingly, the invention is not to be considered as being limited by the foregoing 
description and drawings, but is only limited by the scope of the appended claims. 
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ABSTRACT 

The inv e ntion disclosure relates to a communication terminal comprising 
having a bandwidth expansion device (5) for expanding the bandwidth of a 
narrowband voice signal, on a low- frequency and/or high-frequency side, by 
synthesizing at least one frequency band on the basis of the narrowband voice 
signal. The aim of the invention is to carry out a A qualitatively satisfactory 
bandwidth expansion is thus performed using a plurality of net bit rates. To this 
end The bandwidth expansion device (§) is further connected to a memory (4) 
containing a lookup table comprising at least one parameter value for the 
bandwidth expansion, for at least two net bit rates of the narrowband voice signal. 
Th e inv e ntion also r e lat e s to a A method for expanding a bandwidth of a 
narrowband voice signal having at least two net bit rates in a communication 
terminal is also disclosed herein . 
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